We investigated the ability of preferred classical music to activate the nucleus accumbens in patients with Major depressive disorder (MDD). Twelve males with MDD and 10 never mentally ill male healthy controls (HC) completed measures of anhedonia and depression severity, and listened to 90-second segments of preferred classical music during fMRI. Compared to HCs, individuals with MDD showed less activation of the left nucleus accumbens (NAcc). Individuals with MDD showed attenuation of the left NAcc response in later compared to earlier parts of the experiment, supporting theories that MDD involves an inability to sustain reward network activation. Counter intuitively, we found that NAcc activity during early music listening was associated with greater depression severity. In whole-brain analyses, anhedonia scores predicted activity in regions within the default mode network, supporting previous findings. Our results support theories that MDD involves an inability to sustain reward network activation. It also highlights that pleasant classical music can engage critical neural reward circuitry in MDD.
Introduction
Anhedonia, the inability to experience pleasure during previously enjoyed activities, is a core symptom of Major depressive disorder (MDD), along with negative mood (American Psychiatric Association, 2013; Austin et al., 2001; Langenecker et al., 2005; Rock et al., 2014; Treadway and Zald, 2011) . Individuals with MDD have been found to have impairments in reward and motivation circuitry (Nestler et al., 2002) , in particular the ventral striatum (Marchand and YurgelunTodd, 2010) . The ventral striatum (VS) is involved in the hedonic response, and Positron Emission Tomography (PET) has revealed that dopamine release in the VS is associated with the subjective experience of pleasure (Drevets et al., 2001) . The volume of the nucleus accumbens (NAcc), a sub-region of the VS, has been correlated with anhedonia and reduced response to reward in non-clinical samples (Wacker et al., 2009) . Trait anhedonia has also been reported to be negatively correlated with pleasantness ratings of music stimuli and of activation of the NAcc, basal forebrain and hypothalamus (Keller et al., 2013) . Indeed, there is evidence of VS hypoactivation in response to positive stimuli in MDD (Epstein et al., 2006) , and VS hypoactivation in anticipation of monetary loss in unmedicated individuals with MDD has been reported to normalize following antidepressant treatment (Stoy et al., 2012) . Despite an accumulation of evidence for the importance of VS dysfunction in anhedonia, results of a randomized controlled trial of deep brain stimulation of the VS in patients with treatment-resistant depression (Dougherty et al., 2015) have been less than encouraging (but see Schlaepfer, 2015) . Therefore further investigation of the neural mechanisms underpinning anhedonia in MDD is warranted.
A reduced capacity to experience pleasure may be an oversimplification of anhedonia in MDD. Evidence from fMRI studies suggests that individuals with MDD fail to sustain VS activity during positive affect. For example, Moses-Kolko et al. (2011) found that the VS habituated rapidly following receipt of reward in mothers with postpartum depression compared to healthy mothers. Another study reported that the ability of individuals with MDD to cognitively upregulate their positive affect in response to emotional slides was equal to healthy controls (HC) in the first half of the experiment, yet declined as the experiment progressed (Heller et al., 2009). Furthermore, this 
